Zirconium oxide, known as zirconia, is a ceramic material with optimal esthetical and mechanical properties. Zirconia stabilized with yttrium oxide has the best properties for medical uses. A stress on ZrO z surface creates a crystalline modification that opposes to propagation of cracks. Zirconia core for fixed partial dentures (FPD) on anterior and posterior teeth and on implants are now available. Clinical evaluations after 3 years report good percentage of success for zirconia fixed partial denture. Zirconia biocompatibility was studied in vivo and in vitro by orthopedic research; no adverse responses were reported on insertion of ZrO z samples in bone or muscle. In vitro experimentation showed absence of mutation and a good viability of cells cultured on this material. Zirconium dioxide is white, has good wear resistance surface grinding could reduce toughness (6); also Kosmac and mechanical properties similar to a metal; it is also confirmed this assertion reporting a lower mean strength known as Zirconia. zr0 2 crystals and can be organized of zirconium oxide after surface grinding (7) . Moreover, in different patterns: Monocline (M), Cubic (C) and ageing is another important feature of Zr0 2 ; Swan Tetragonal (T). In order to stabilize zirconium oxide it is reported that zirconia can lose its mechanical features if necessary to add other metallic oxides, such as MgO, CaO placed in a wet enviroment for a long time (8) . and YP3; Yttrium stabilized zirconia nowadays is the Helmer and Driskell were the first to propose most studied combination (I). By using yttrium oxide it zirconium oxide for medical use in 1969. They proposed is possible to obtain a particular compound that is known hip head prostheses in zr0 2 instead of titanium or alumina as Tetragonal Zirconia Policrystal (TZP). TZP has better prostheses. Mechanical behavior of zirconia, its wear and mechanical properties despite a very delicate production its integration with bone and muscle were therefore the protocol (1-2). subject of analysis for orthopedic research (9) . In 1975 Garvie published a paper describing a
In dentistry, many all-ceramic systems have been molecular model to explain the mechanical resistance of proposed for fixed partial dentures (10) . Conventional Zirconia. In every Zr0 2 crystal the three phases formerly fixed partial denture materials, like porcelain fused to described are present (3) . When a force is applied to a metal (PFM) have a limited aesthetical outcome. Spinel, zirconia surface it is possible that some crystals can change alumina and ceramic reinforced with lithium disilicate their pattern. Transition between different crystalline were proposed to create metal free restorations with good reticulations can produce a volumetric change of crystals mechanical properties, nevertheless they have limited where the stress is applied. From this molecular model indications due to their mechanical strength. Stress Garvie supposed that every stress on zirconia surface can resistance of zirconia fixed partial denture was tested on induce a crystal T-M transition that is associated with a different types of fixed partial dentures. Methodological volumetric growth; this growth can seal the propagation measurement between studies is not standardized so that of cracks giving zirconia great mechanical resistance (4) . results are not comparable; on the other hand these tests Cyclical resistance ofzirconia was analyzed by Calais;
showed that zirconia restorations have the best mechanical 50 billion cycles are necessary for a structural failure outcome if compared with alumina or lithium disilicate when 28kN of force is applied; but if the force is over ceramic restorations (11-13). 90kN the zirconia sample cracked after about 15 cycles Zirconia can be used for FPD teeth or implant-retained.
(5). Compression resistance is about 2000 MPa; traction
Anterior or posterior single tooth restorations are possible resistance is, on the other hand, between 900-1200 MPa because of its mechanical reliability. Also fixed partial (1). Because of its good mechanical resistance zirconia dentures are possible because of zirconia's good toughness was studied to understand which factors could decrease (14) (15) (16) . In order to produce zr0 2 core for prosthetic or increase these properties. Lutardth reported that restoration it is necessary to use a CAD/CAM machine that can manage zirconia and create a precise structure. It is possible to obtain zr0 2 core only milling from a solid piece of zirconia. This procedure requires an experienced technician and high precision technology (17) (18) . After clinical verification of adaptation of core and of complete restoration, resin bonded luting can be performed (19) . Using CAD/CAM technology is now possible to also obtain zirconia implant abutments (20) . After 3 years study by Suarez, Zr0 2-ceramic restorations showed a good reliability, with good esthetical outcome and without structural failure (21) . Zirconia implants are a recent proposal; in vivo experimentations showed that zirconia implants are able to sustain chewing stresses, concluding that Zr0 2 implants are able to support fatigue and stress on anterior teeth implant replacements (22) (23) .
Biological considerations. In 1969 Helmer and Driskell evaluated Zirconia as a biomaterial inserting a sample in a monkey femur and reported that there were no adverse responses (9) . Orthopedics studied many aspect of biological response to Zr0 2 ; the first studies were in vivo because technology was not sufficiently advanced at that time, to perform in vitro studies. Garvie and Hubert implanted zirconia in paraspinal muscle of rabbit and reported no unfavorable reaction (24) (25) . Studies by Wagner, Christel and Maccauro also confirmed these results (26) (27) (28) .
When zirconia is subjected to wet conditions, its crystal organization can be modified causing a loss of mechanical resistance; this phenomenon, which takes a long time, is known as Zirconia ageing. Also, after ageing, as reported by Piconi and Burger, zirconium oxide is not able to induce any toxic reaction (29) .
After 1990 Zirconia was also studied with in vitro evaluation. In vitro study also focused on cell behavior in the presence of zr0 2 • Greco and Catelas reported that Zirconia powders could generate toxic answers on cells (30) (31) ; this was probably due to the presence of zirconium hydroxide, that is not tolerated by cells. On the other hand Dion, Torricelli and Lohman, did not report this response when testing zirconium oxide powders (32) (33) (34) and studies on zirconia solid samples did not report any toxic responses.
Soft tissue reaction around zirconia and titanium was studied in vivo by Degidi (35) : inflammatory infiltrate, microvessel density and vascular endothelial growth factor expression appeared higher around titanium samples than around zr0 2 ones. Bacterial products resulted more present on titanium than on zirconium oxide. Zirconia allows a great cellular proliferation on its surface ( Fig. 1 and 2) , with good reaction of soft tissue. Warashima reported less proinflammatory mediators (IL-IP, IL-6 and TNF-a.) generated by zirconia cultured on murina calvaria than titanium or polyethylene; this result confirmed evidence that cells can grow on zirconia (36) .
Carinci reported zirconia affinity for bone tissue without effects on DNA synthesis or proliferation; moreover Zr0 2 seems to be able to up or down-regulate expressions of some genes resulting as a "self' material and modifying turnover of extracellular matrix (37) .
Scarano compared titanium and zirconium oxide for bacterial adhesion; he reported 12.1% of covering rate by bacteria on zirconia and 19.3% on titanium (38) . An in vivo study by Rimondini showed that bacterial surface appeared more uniform on titanium than on zirconia, confirming in vitro results by Scarano (39) .
Mutagenic behavior of cells is a controversial topic regarding Zirconia. In fact, Zr0 2 can be extracted in aSSOcIatIOn with radioactive materials that are not suitable for biomaterials. This circumstance induced to believe, at first time, that zirconia is also radioactive. Nowadays extraction of this material is more accurate so that radioactive impurities are not traceable in zirconia for medical devices (l). zr0 2 and hydroxyapatite were studied by Silva to evaluate possible malformations and degenerations; he founded that neither of them was present in vivo or in vitro (40) . Covacci founded 98% viability of fibroblasts cultured on zirconia; moreover he reported that on Zr0 2 mutations were less than the ones obtained with the highest possible oncogenic dose compatible with cells survival (41) . CONCLUSION Zirconia is a metal free biomaterial that can be used for dental prosthetic purpose; its mechanical and biological properties appear adequate to obtain predictable dental devices with good clinical and biological behavior.
